Abstract. A case of isolated ACTH deficiency accompanying transient primary hypothyroidism was reported along with a review of literature on isolated ACTH deficiency in Japan with special reference to its association with thyroid function. Our case, a 56-year-old woman, developed somnolence and hypoglycemia due to isolated ACTH deficiency. She also had the features of hypothyroidism, namely mounding phenomenon, muscle rigidity, increased plasma myogenic enzymes and cold intolerance. Both free T3 and free T4 were decreased, and basal as well as TRH-stimulated TSH levels were abnormally high. Plasma thyroglobulin was increased and no anti-thyroid antibodies were detected. All thyroid related physical and biochemical abnormalities disappeared after hydrocortisone replacement. A review of the literature on 103 cases disclosed that more than half the cases with isolated ACTH deficiency had a high plasma level of TSH, basal and/or TRH-induced, while the antithyroid antibodies were reported to be positive in only 13 cases. In more than 70% of such cases, the abnormality in the pituitary-thyroid axis was transient and was reversed by glucocorticoid replacement. Our case and cases in the literature indicate that the interference of thyroid hormone synthesis and/or secretion by glucocorticoid deficiency per se is the major cause of thyroid dysfunction rather than associated autoimmune thyroid disease.
, more than 200 cases have been reported in Japan, and many cases are known to accompany thyroid hormone abnormalities [2] . A considerable number of patients with isolated ACTH deficiency have been proven to possess circulating autoantibodies to pituitary cells [2, 3] , and the disease is presumed to be induced, at least partly, by an autoimmune mechanism as proposed previously by Richtsmeier et al. [4] . Although thyroid dysfunction encountered frequently in this disorder has been generally believed to be caused by associated autoimmune abnormalities [5, 6] , Topliss [7] and Mashito [8] disclosed that cortisol deficiency itself could affect the pituitary-thyroid axis.
In this report, we show a case of isolated ACTH deficiency accompanied by thyroid hormone abnormality, and review the literature on isolated ACTH deficiency in Japan. It was intended to make clear whether or not the autoimmune mechanism was the dominant mechanism causing thyroid dysfunction in this disorder.
Case Report
A 56-year-old woman was first admitted to our hospital because of loss of consciousness and muscle rigidity. Before admission, she had complained of general fatigue and poor appetite, and had lost 14 kg in weight over the preceding 5 months. Examination on admission showed emaciation with a body weight of 40 kg and a height of 156 cm. She was somnolent and disoriented. Body temperature was 38.2°C, pulse was 60/min, and blood pressure was 128/76 mmHg. No hyperpigmentation was observed on the skin or mucosa. The breasts were atrophic, the pubic hair was scanty, and no axillary hair was visible. The thyroid gland was normal in size and consistency. She had muscle rigidity, and mounding phenomenon was observed on bilateral forearms, but there was neither pitting nor non-pitting pretibial edema. Nuchal stiffness and Kernig's sign were unclear.
Blood chemistry revealed hypoglycemia (blood glucose 29 mg/dL), slightly increased musclederived enzymes [creatine kinase 224 U/L (normal 0-160), aldolase 3.4 U/L (normal 0.5-3.1)], but serum electrolytes were within the normal range. Hematological test showed a slight increase in the number of white blood cells (8900/µl) with 8% of eosinophels.
The erythrocyte sedimentation rate was 88 mm/1 h and C-reactive protein was 6.3 mg/dL. The spinal fluid was normal. Basal endocrinological data are shown in Table 1 and the results of various dynamic tests are shown in Figs. 1 and 2. Autoantibodies to the pituitary cell, measured according to the method of Sugiura et al. [3] , were positive for both AtT-20 and GH3 cells.
Anti-microsomal (microsome hemoagglutinin), anti-thyroglobulin (thyroglobulin hemoagglutinin), and TSH receptor antibodies were all negative. Sagittal section on magnetic resonance imaging (MRI) of the head revealed empty sella. Among pituitary hormones only ACTH was found to be deficient, and a diagnosis of isolated ACTH deficiency was made. The clinical symptoms gradually improved after the provision of supportive care including antibiotics, and improved markedly after hydrocortisone replacement (15 mg/day) was started. Without giving thyroid hormone, abnormalities of muscle supposedly related to hypothyroidism improved along with the normalization of biochemical parameters of thyroid function as shown in Fig. 3 .
Literature survey
We reviewed, with special attention to the associated thyroid dysfunction, the reports on isolated ACTH deficiency in Japan. We were able to evaluate 103 cases with sufficient hormonal data. The age of the patients ranged from 14 to 80 years old with an average of 51.3 years, and the male/female ratio was 1/3. Among these cases, 54 disease).
Discussion
Several interactions between glucocorticoid and pituitary-thyroid axis have been reported [9] [10] [11] [12] , and it is suggested that the physiological concentration of glucocorticoid has a suppressive effect on TSH secretion. Glucocorticoid deficiency may therefore be one of the causes of the increase in basal TSH in isolated ACTH deficiency. The case presented here was diagnosed as one of isolated ACTH deficiency, according to the typical endocrinological findings and positive tests for the autoantibodies to pituitary cells as well as the demonstration of empty sella. We presumed that empty sella would be related to the destruction of pituitary cells by an autoimmune mechanism as proposed by Richtmeier et al. [4] . Initial physical and biochemical abnormalities, i.e., intolerance to cold, mounding phenomenon, and an increase in muscle-derived enzymes may indicate co-existing hypothyroidism. The hypothyroidism did not seem to be associated with autoimmune thyroid disease since the tests for autoantibodies to the thyroid were all negative. Although increased TSH and decreased free T3 and free T4 were consistent with the diagnosis of primary hypothyroidism, the normal level of reverse T3 in the face of decreased thyroid hormones would indicate a co-existing euthyroid sick state. From our literature survey, cases with increased basal TSH or TSH hyperresponsive to TRH comprised about one-half of the cases of isolated ACTH deficiency (Table 2) , and increased TSH levels were observed even in cases with normal thyroid hormone. In this review of 103 cases, only 13 cases (12.6%) were documented to be positive in antithyroid antibodies. Autoimmune thyroiditis is fairly common in Japanese women, and about 10-20% of the female population and about 5% of the male are positive for the anti-microsomal and/or anti-thyroglobulin antibody [13] . It is therefore unlikely that the prevalence of autoimmune thyroid disease among patients with isolated ACTH deficiency is significantly higher than that in the general Japanese population, although one investigator has reported about a 20-30% frequency of positive autoantibody to thyroid [2] . Among the cases in Group B for which a detailed follow-up study of pituitary-thyroid function was available (18 cases), 72% of the patients showed that increased TSH and hyperresponsiveness to TRH could be improved after glucocorticoid replacement.
These transient abnormalities in glucocorticoid deficient patients have been noted previously [14] [15] [16] [17] , and Topliss recommended that thyroid status should be reassessed after replacement [7] . In our case, high levels of thyroglobulin on admission decreased along with serum TSH after hydrocortisone replacement, and free T3 and free T4 increased inversely (Fig. 3) . These sequential changes might indicate that the thyroid had been stimulated by TSH but could not respond normally with thyroid hormone synthesis and secretion while the glucocorticoid deficiency was severe. The decrease in TSH and increases in free T3 and free T4 after hospitalization were observed prior to the replacement. This may be due to the relative amelioration of glucocorticoid deficiency by relieving acute stress mainly caused by infection, as observed previously by Dexter [18] . Although pharmacological doses of glucocorticoids have been reported to depress serum T3 in man [17, 19] and to inhibit iodide uptake into FRTL-5 rat thyroid cells [9] , this case as well as cases in the literature may indicate that a physiological dose of glucocorticoid is needed for the synthesis or secretion of thyroid hormone under stimulation by TSH. Furthermore, none of the patients with a normal pituitary-thyroid axis was reported as possessing antithyroid antibodies, whereas cases with pituitary-thyroid abnormality had a high incidence of these antibodies (Table 2 ). This may indicate that glucocorticoid affects thyroid hormone synthesis and/or secretion more easily in patients with intrinsic thyroid disease.
